Objectives. Environmental risk factors are of potential interest for both prevention and treatment of RA. The purpose of this study was to examine the effect of pulmonary function, smoking and socio-economic status on the future risk of RA.
Introduction
RA is a systemic disease that may involve the lungs. The nature of the relation between inflammation in the lungs and in the joints is incompletely understood. In 1948 Ellman and Ball [1] described three cases with classic manifestations of RA and extensive pulmonary involvement. Since then a number of studies have focused on interstitial lung disease (ILD) among patients with established RA, with widely varying estimates of incidence and prevalence depending on the methods used [28] . There are limited data on obstructive pulmonary disease in RA. Geddes et al. [9] found that 32 out of 100 studied patients with established RA had an obstructive lung disease, based on standard pulmonary function tests. To our knowledge, no previous studies have investigated pulmonary function before the onset of RA.
Some genetic factors and many environmental factors have been suggested to be involved in the aetiology of RA. The most established environmental risk factor for developing RA today is smoking. Individuals with many years of heavy consumption (i.e. a large number of pack-years) are at greatest risk, both among men and women [1014] . Smoking individuals who carry the shared epitope (SE) have a multi-fold increased risk of developing RA, suggesting a geneenvironment interaction [15] . This has led to the hypothesis that the autoimmune response in RA may be induced in the lungs [15] . Such a hypothesis would be supported by the presence of abnormal lung function before the clinical onset of RA.
Most chronic diseases are reported more frequently by individuals with <12 years of formal education [16] . Obviously, level of formal education may be a marker for socio-economic status or occupation. Certain occupations have previously been associated with an increased risk of developing RA [17, 18] . This may be a marker for specific occupational exposures [19, 20] or other factors.
The object of this study was to investigate the relation between pulmonary function and the risk of RA, and in the same sample analyse the impact of current and previous smoking habits and socio-economic status on RA development. For this purpose we used a nested casecontrol study approach based on a large prospective health survey.
Patients and methods

Malmö Preventive Medicine Program
This nested casecontrol study used information from the Malmö Preventive Medicine Program (MPMP), which was a preventive case-finding programme, focusing on cardiovascular risk factors and alcohol abuse and started in 1974 at the Department of Preventive Medicine, Malmö University Hospital, Malmö , Sweden (population 235 000 in 1974). The aim was to screen large strata of the adult population in order to find high-risk individuals for preventive interventions [21] . Subjects were invited to participate in health screening, including a physical examination and laboratory tests [21] . In addition, every participant filled out a self-administered questionnaire, including questions on lifestyle. Between 1974 and 1992, a total of 22 444 males and 10 902 females attended the screening programme with an overall attendance rate of 71%, differing somewhat between years (range 6478%). Males were mostly screened in the first part of the period (197482), and females in the latter part (198192), thus implying a different length of follow-up time. Various interventions (lifestyle modification and drug therapy) engaged nearly 25% of the screened subjects [21] .
Selection of cases and controls
We identified persons who developed RA after inclusion in this cohort by linking the MPMP register to a communitybased RA register [22] , the local outpatient clinic administrative register for Malmö University Hospital, the National Hospital Discharge Register [23] and the National Cause of Death Register [24] . In a structured review of the medical records, patients were classified according to the 1987 ACR criteria for RA [25] , and the year of RA diagnosis was noted. Four controls for every case, matched for sex, year of birth and year of screening, who were alive and free of RA when the index person was diagnosed with RA, were selected from the MPMP register.
Variables
Pulmonary function tests were assessed by a screening spirometry performed by a spirotron apparatus according to a standard protocol as part of the health survey [26] . Obstructive pulmonary dysfunction was defined using the global initiative for obstructive lung disease (GOLD) criteria for chronic obstructive pulmonary disease (COPD) diagnosis using measured spirometry values of the forced vital capacity (FVC) and the forced expiratory volume within 1 s (FEV 1 ), without previous bronchial dilatation . Mild COPD (Stage I) was defined as FEV 1 / FVC < 70% and FEV 1 5 80% of predicted, and moderate to very severe COPD (Stages IIIV) as FEV 1 /FVC < 70% and FEV 1 < 80% of predicted [27] . Restrictive pulmonary dysfunction was defined as reduced FVC without major reduction of the FEV 1 /FVC ratio [28] , with cut-offs of 480% of predicted FVC and 570% for the FEV 1 /FVC ratio. Predicted FEV 1 and FVC were calculated using the European Respiratory Society standard [29] . Based on the smoking data from the survey questionnaire, subjects were classified using three dichotomous variables: current smoker (yes vs no), current smoker with a history of smoking for >10 years (yes vs no) and current smoker with reported smoking of >20 cigarettes/day (yes vs no).
Data on socio-economic status was derived from self-reported job titles in the Swedish national censuses carried out in the years 1960, 1970, 1980, 1985 and 1990 [30] . In the 1975 census, no job title was asked for. Occupation was coded using national adaptations of the Nordic Occupational Classification. Three-digit codes were combined into 53 occupational groups and one group of people who were economically active but whose occupations were unknown [31] and converted into standardized social class categories expressed as a socio-economic index (SEI) [32] . Both men and women were classified according to their reported occupation in the census immediately before or following inclusion in the MPMP. Retired individuals were classified according to the last reported occupation in a previous census. Housewives, students and unemployed without any classification during the study period were excluded due to low numbers and the fact that quite variable socio-economic backgrounds may be present in such individuals [33] .
Subjects were classified as blue-collar workers, whitecollar workers or other. Blue-collar workers included manual workers, both skilled and unskilled. White-collar workers included non-manual employees of high-, medium-and low-level, as well as self-employed professionals such as lawyers and architects. Finally, the other category covered other self-employed individuals, including farmers.
Statistics
Potential predictors were examined in conditional logistic regression models, taking into account the matched design of the study. Each case and the corresponding controls were assigned a group number, and this was entered into the logistic regression models as a categorical variable. Analyses were performed bivariately and also adjusted for the other risk factors evaluated in multivariate models. FVC, FEV 1 and FVC/FEV 1 values in cases and controls were compared using Student's t-test. In order to assess whether there was any particular pattern for pulmonary function in pre-RA cases included close to RA diagnosis, separate analyses of four groups, stratified for time from screening to RA diagnosis (18, 812, 1218 and 1828 years) were performed.
All patients gave their informed consent to be included in the Malmö RA register and the MPMP database. No informed consent was obtained specifically for the present study. This study was approved by the regional research ethics committee in Lund, Skå ne, Sweden.
Results
We identified 290 patients (151 men/139 women, mean age at RA diagnosis 60 years) ( Table 1 ) who were diagnosed with RA after inclusion in the MPMP. The median time from participation in the survey in which exposure data were collected to RA diagnosis was 12 years (total range 128 years). The total follow-up for the cohort was 731 703 person-years, which gives an estimated incidence of 40/100 000 person-years (66/100 000 in women; 29/100 000 in men).
Pulmonary function tests
Spirometry data were available for 253 (87%) cases and 1006 (87%) controls. FEV 1 , FVC and the FEV 1 /FVC ratio (expressed as FEV 1% ; FEV 1 as a percentage of FVC) were similar in cases and controls, both measured in lung volume (L) and percentage of predicted lung volume ( Fig. 1) . Similar results were found in separate analyses of four groups, stratified for time from screening to RA diagnosis, including those screened only 18 years before RA diagnosis ( (Table 3 ). There was no significant association between COPD or restrictive pulmonary dysfunction and RA in analyses stratified for sex (Table 4 ) and time from screening to RA diagnosis (both in those screened 412 and >12 years before diagnosis) ( Table 3) . Although ORs were different for restrictive pulmonary disease among those screened 412 and >12 years before diagnosis (1.04 vs 0.39), CIs overlapped, and there was no significant interaction between restrictive pulmonary dysfunction and stratum of time to diagnosis in the analysis of the risk of RA (P = 0.13). These differences may therefore be due to chance. COPD was less common in women (cases 10.9% vs controls 6.3%) than in men (cases 17.5% vs controls 17.2%), leading to less precise estimates for the impact of COPD on women (Table 4) . Although ORs for COPD in women were higher than in men, there was no significant interaction between sex and COPD in logistic regression analysis with RA as the dependent variable (P = 0.16).
Smoking and SEI in bivariate models
In bivariate analysis (Table 3) , current smoking was a strong predictor for developing RA overall (OR 1.79; 95% CI 1.32, 2.42), as well as in men and women when studied separately (Table 3) . Current smoking was also a stronger predictor among those screened 412 years before RA diagnosis (OR 2.31; 95% CI 1.50, 3.55) than among those screened >12 years before diagnosis (OR 1.37; 95% CI 0.89, 2.11). A reported history of long-term smoking (>10 years) among the current smokers was a significant risk factor in both subsets (Fig. 2) . Heavy smoking (>20 cigarettes/day) and current smoking both predicted RA among those screened 412 years before RA diagnosis (P = 0.015), but not among those screened >12 years before diagnosis (Fig. 2) . Blue-collar workers had an increased risk of RA compared with white-collar workers (OR 1.54; 95% CI 1.12, 2.10), with similar results for men and women in analyses stratified by sex (Table 4) . This association was also stronger among those screened 412 years before RA diagnosis compared with those with a longer time span from screening to RA diagnosis (Table 3 ).
Multivariate models: pulmonary function tests, smoking and SEI The associations between RA and current smoking (OR 1.72; 95% CI 1.22, 2.42) and blue-collar worker status (OR 1.59; 95% CI 1.12, 2.26) remained significant in multivariate models including these two factors and COPD (Table 5) . We found no association between mild COPD (Stage I) or moderate to very severe COPD (Stages IIIV) and subsequent development of RA in this multivariate model (Table 5) .
Similar results for current smoking (OR 1.95; 95% CI 1.34, 2.83) and blue collar worker status (OR 1.72; 95% CI 1.16, 2.55) were found in models adjusted for restrictive pulmonary dysfunction instead of COPD. Restrictive pulmonary dysfunction did not predict RA in this analysis (OR 0.62; 95% CI 0.33, 1.15).
Discussion
Our results do not support a role of smoking-induced pulmonary dysfunction in the pathogenesis of RA. Smoking and low socio-economic status, defined as blue-collar worker status based on occupation, were independent risk factors for developing RA in this nested casecontrol study based on a prospective health survey. These findings suggest that smoking exposure leads to RA through mechanisms that are not directly related to pulmonary www.rheumatology.oxfordjournals.org dysfunction. These unique data provide new insights on the role of environmental factors for disease susceptibility.
The association between smoking and development of RA is the most extensively studied link between the environment and the aetiology of this disease. The increased risk in smokers has been found to be confined to the subset of RA defined by the presence of antibodies to citrullinated peptides (ACPA) [15] . Interaction between smoking and the quantitatively most important genetic risk factor of RA, i.e. the HLA-DRB1 SE [34] , for the risk of developing ACPA-positive RA has been described [15, 3538] , and also tissue studies have proposed smoking as an environmental factor that might lead to citrullination, potentially contributing to anti-citrulline autoimmunity in genetically susceptible individuals [39] .
Exposure to crystalline silica is another well-defined inhalation exposure, reported, for example, from industries involving mining, construction, ceramics, glass, agriculture, and also in sectors such as electronics. Silica exposure has been observed to be linked to RA [20] , with a 2-fold increased risk of developing RA in analyses adjusted for smoking [20] . The lack of association between reduced pulmonary function and a future diagnosis of RA in the present study suggests that possible effects of inhalation exposures leading to immune modulation and chronic inflammation is related to, at most, minor tissue injury, and not clinically recognizable lung damage.
Although ILD may occur in early RA, sometimes preceding the clinical diagnosis of RA [40] , we found no association between restrictive pulmonary dysfunction and subsequent development of RA. This most likely reflects that only a small proportion of RA patients have very early ILD involvement that has an effect on pulmonary function, and that such a small subset would not have a major impact on the overall results. In patients with established RA, suggested risk factors for developing ILD include male sex, older age at RA onset and a severe disease course [41] . In a recent study of an early RA cohort, the occurrence of severe extra-articular disease manifestations, a major proportion of which were cases of ILD, was predicted by high disease activity and extensive disability burden over the first 2 years after RA diagnosis [40] . This observation suggests that such manifestations are part of the most severe RA phenotype. We cannot exclude, however, that subclinical ILD involvement not leading to reduced pulmonary function could be substantially more frequent in the pre-clinical phase of RA.
Others have found that the increased risk for RA associated with smoking requires a long duration, but merely a moderate intensity, of smoking, and may remain for several years after smoking has stopped [42] . The molecular pathways behind the increased risk of RA associated with smoking and the interaction between smoking and genetic factors need to be further investigated. Since some individuals quit smoking in middle age, and a higher proportion would be expected to quit smoking over a longer period of time, our observation of a lower   FIG. 2 Smoking history as a predictor of RA. Bivariate analysis stratified by the time from inclusion to RA diagnosis in the cases; OR, 95% CI. Logarithmic scale. CS: current smoking. impact of smoking on the risk of RA among those screened >12 years before RA diagnosis suggests that individuals who quit smoking, even heavy smokers, may reduce their risk of RA. This is compatible with a slow and potentially reversible process.
We have recently shown that individuals with a low level of formal education (<8 years) have an increased risk of developing RA compared with those with a university degree [43] . In the present study, socio-economic status was defined based on current occupation, which is related to formal education. In a national Swedish study from 2008, Li et al. [17] studied the impact of education and occupation on the risk of hospitalization with RA. They found a negative association between RA and an education level >12 years in women as well as in men, and there were also associations with certain occupations. These results are supported by the present study, which was not limited to patients hospitalized with RA. In contrast, a study based on a population from the UK found no association between social class, based on occupational status, and the incidence of RA [44] , although a later follow-up of the same cohort revealed that individuals with a low social status from deprived areas had a worse prognosis [45] .
Unusually, this study included a majority of male cases with RA, due to the sex distribution of the source cohort. Most results were similar in analyses stratified by sex, but the low number of women with COPD is a limitation for this subanalysis. Due to the design of the MPMP, where the majority of participants were in their 40s and 50s (mean age at screening 44 years in men and 49 years in women), our results apply only to prediction of RA with onset in this age group or later. The relative importance of early life events and genetic factors may be greater for RA with onset in younger individuals. As pulmonary dysfunction may change over time, in particular in smokers, the fact that we only had access to spirometric values from a single time point is a limitation for this study, and we could not exclude an association with COPD in women, possibly due to confounding by other exposures in women with COPD. Spirometry data were only available for 87% of cases and 87% of controls, and we did not have any data on treatment with systemic CSs for COPD, which might affect pulmonary function test values and possibly also the time of diagnosis of RA. In addition, since we excluded housewives, students and unemployed individuals from the analysis of SEI, the impact of socioeconomic factors related to these groups could not be assessed in the present study.
Strengths of this study include the community-based approach, the well-defined catchment area and the comprehensive effort to identify incident RA cases using multiple sources. The estimated incidence of RA in this cohort of 66/100 000 person-years in women and 29/100 000 in men is slightly higher than recent findings in corresponding age groups in a population-based study from the UK (annual incidence 5465/100 000 in women aged 4474 years (1629/100 000 in men aged 4574 years) [46] . This suggests that we identified virtually all cases of incident RA in the cohort, indicating that our cases are likely to be a representative sample of patients with RA in the area. Data on predictors were collected before disease onset, which means that recall bias in individuals who developed RA or possible effects of RA on lifestyle factors could not influence our results.
In conclusion, reduced pulmonary function was not associated with future RA, but smoking and low socio-economic status were independent predictors of RA. This suggests that several different exposures are important through RA development. Potential underlying mechanisms, including modulation of the immune system and low-grade chronic inflammation, require further study.
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